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IDENTIFICATION  AND  ClIARAt  TERIZ ATION  OK  I  I ASlOMLR  M  I  C\M/  VII 


MATERIALS  l  SING  PYROLYTIC  CAS  Ll^l  ID-PHASE  CIIROMA'K >G  RAIMI  Y 

I.  IN  I 'RODI  <  l  luN 

All  hydraulic  systems  of  mililarv  equipment  ami  commercial  construction  <*i|iii|Mii<‘ti(  contain 
elastomer  component'  such  as  diaphragm-.  ho-e-.  t >  rings.  ci  -  etc..  iliai  an-  in  iiiliinatr  con¬ 
tact  with  livdraulic  fluid  at  various  temperature-  ami  pressure-.  In  order  for  a  -v-tem  to 
operate  effectively,  the  ela-loimr  part-  mu.-t  not  he  ad«ei-e|y  alheled  bv  lie  hvdlnulh  fluid 
and  must  not  degrade  or  eontamiuate  other  emnpom  lit-  in  the  -Went.  I  he  t \  pc  o|  ela-loniei 
ll-ed  to  fahrieate  the  various  component'  i-  dictated  h\  the  type  of  hydraulic  fluid  in  the 
system  which,  in  turn,  is  determined  hv  the  |y  pc  ol  hydraulic  system  ami  -erv  i.  <•  condition-.  In 
general,  hydraulic  fluids  are  classified  as  either  ’’Petroleum  Base  Hydraulic  f  luid«“  or  '■Non- 
Petroleum  Base  Hydraulic  Fluids.”  Petroleum  Base  hydraulic  fluids  include  a  wide  variety  of 
materials  produced  from  different  grades  of  crude  oils  and  additives,  and  their  use  a- 
hydraulic  or  power  transmission  fluids  far  surpasses  all  other  classes.  The  non-petroleum  Base 
fluids  include  phosphate  esters,  silicate  esters,  organic  acid  ester-,  givcols.  poly -iloxanes.  castor 
oils,  poly  alky  leuc  glycols,  oil-water  emulsions.  lialocarBons.  polypheny  I  ethers,  etc. 

A  large  yariety  of  vulcanized  elastomer  compounds  of  natural  ruBBer.  reclaimed  ruBBcr.  and 
synthetic  ruBBer.  alone  or  in  comBinalion.  are  used  for  manufacturing  product-  tor  a  variety  of 
system  applications.  These  products  include  tires.  Belts,  hose.  mats,  insulation  for  wire,  shock 
ahsorhers.  packings,  and  seals.  The  ruBBer  may  take  the  form  of  solid  ruBBer  or  cellular 
(sponge)  ruBBer.  Since  these  components  are  u-ed  for  a  Broad  spectrum  of  service  conditions 
and  different  environments,  it  is  important  to  select  elastomer-  pn— <•— ing  the  ncee— arv 
physical  and  chemical  properties  for  a  specific  application.  <  on-equeiitlv.  a  large  tiumher  of 
different  kinds  of  ruBBer  are  required  to  serve  the  many  need-  of  the  automotive  industry. 
Some  of  the  elastomers  used  are  natural  ruBBer  iNHl.  slv rene-Butadiene  ruBBer  iSBK). 
aery  lonitrile-Butadiene  ruBBer  ( MIRl.  Butadiene  ruBBer  ( BRl.  loilv  I  ruBBer  1 1  I  Hi.  chloroButa- 
diene  or  neoprene  ruBBer  (GH(.  ehloro'ulfonaled  polv  ethv  lem  ruBBer  it.SHi.  ethylene  pro¬ 
pylene  ruBBer  (El’M).  fluoroearBon  ruBBer  |1  Hi.  i-oprene  or  -vnthetie  ruBBer  (IHl.  polvacrvlie 
ruBBer  (AH),  polv-ulfide  tSH).  polyurethane  ruBBei  (l  Hi.  -ilicnm  ruBBei  <>|{|.  and 
Ihiorosilieone  ruBBer  (KSR).  Ihi'  report  i-  concerned,  primarily,  with  the  characterization  >1 
elastomeric  components  of  hydraulic  and  gun  recoil  -y st •-nis;  however,  the  technique  ha-  ap¬ 
plication  to  other  automotive  elastomer  material'. 


A  variety  of  synthetic  and  natural  elastomers  are  used  for  the  construction  of  hose  and  tubing 
for  automotive  applications.  Hose  may  be  eomposed  of  one  class  of  elastomer  throughout  or  of 
re-enforced  laminates  having  one  class  of  material  in  the  inner  tube  and  another  material  in 
the  cover.  The  inner  surface  of  the  hose  must  not  be  degraded  by  the  fluid  and  must  not  con¬ 
taminate  or  deteriorate  any  part  of  the  system.  In  addition,  the  outside  of  the  hose  must  resist 
attack  from  oil,  gasoline,  grease,  and  water;  and  the  hose  must  not  crack  or  deform  over  the 
normal  range  of  operating  temperatures. 

Pyrolytic  gas  liquid-phase  chromatography  (PGC)  offers  a  convenient  approach  to  the 
analysis  of  macromoleeules  without  the  necessity  of  chemical  pretreatment.  In  PGC  pro¬ 
cedures,  elastomers  are  thermally  decomposed  using  a  Curie-point  apparatus,  microoven,  laser 
beam,  or  heated  filament:  Decomposition  products  are  directed  to  a  gas  chromatograph  (GC) 
where  they  are  separated  by  standard  GC  technique.  Generally,  the  thermal  decomposition  of 
polymers  proceeds  by  three  basic  pyrolytic  reactions.  First,  highly  crosslinked  polymers  tend  to 
carbonize.  As  a  result,  they  produce  pyrograms  that  are  difficult  to  interpret  and  not  easily 
referred  back  to  the  starting  material.  Second,  some  linear  polymers  will  rupture  between  the 
side  chain  and  polymer  backbone  producing  fragments  characteristic  of  the  side  chain.  In  most 
cases,  pyrograms  are  characteristic  of  the  polymer.  The  final  and  most  useful  type  of  pyrolysis 
occurs  when  the  polymer  backbone  ruptures  yielding  monomers  of  the  polymer.  This  type  of 
decomposition  is  favored  by  quartemary  substituted  carbons  on  the  polymer  backbone.  Yields 
of  monomer,  90  percent  or  better,  are  generally  obtained.  Fortunately,  most  elastomer  pyrolysis 
reactions  generate  products  that  yield  pyrograms  characteristic  of  the  polymer  from  which  they 
are  derived,  thereby  permitting  their  identification  in  automotive  rubber  products. 

The  analysis  of  elastomers  by  classical  methods  of  analysis  is  made  possible  only  after  exten¬ 
sive  chemical  treatment  of  the  material,  including  the  application  of  a  battery  of  qualitative 
and  quantitative  tests.  The  ease  and  convenience  of  pyrolytic  gas  liquid-phase 
chromatography,  however,  has  stimulated  numerous  investigations  resulting  in  a  large  number 
of  publications  related  to  the  analysis  of  natural  and  synthetic  elastomers.  Excellent  com¬ 
prehensive  reviews  of  the  literature  have  been  presented  by  Audebert*  and  Stevens.*  Some  in¬ 
vestigations  were  directed  to  a  narrow  range  of  blends  and  copolymer  systems.*  4  5  *  7  whereas 
other  studies  were  of  much  broader  scope  and  included  a  large  number  of  polymers, 
copolymers,  and  blends.®  9  Cole,  et  al.,9  investigated  the  pyrolysis  characteristics  of  46 


Audebert ,  R..  Ann.  Chim.  3.  49  (196B>. 

2 

Slfvenn,  M.  P..  Charartrrization  and  Analytd*  of  Polymer*  by  Ca*  Chromatography.  Marcel  l)ekk»*r,  >ch  ^ork  (1969). 
^  Umczawa,  Y.,  Haorhr,  Y.,  Hirai.  .Y.  and  Fumw.  T.,  Nippon  Como  Kyokai»hi.  39.  497  (1966). 

^  Perry.  S.  (J..  J.  Ca*  Chmmatog.  .5.  77  (1967). 

**  Mlejnek.  ()..  Chem.  Prtimy»l.  //.  604  (1961). 

^  Cox.  B.  C.  and  Elli*.  B..  Anal.  (!hcm.  36.  90  (1964). 

^  Kris  hen.  A  noop,  ibid..  44.  494  (1972). 

®  Manhiko.  Y..  Echiirn.  A.,  and  Nakao.  A..  Kogyn  Kagakn  Za«*hi.  60.  1206 

^  G»le.  H,  M..  Prtwon.  I).  I...  Sljaka.  V.  V.  and  Smith.  1>.  S..  R  obiter  C.lwm.  Trrhnol.  39.  2.>9*277  iIOOOj. 
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polymers  using  flame  ionization  and  electron  capture  detection,  temperature  programming, 
and  dual  columns.  Although  the  value  of  PGC  as  an  analytical  tool  has  been  firmly 
established  and  documented  in  the  literature,  it  suffers  from  one  major  problem;  results  are 
difficult  to  reproduce  in  different  laboratories.  A  possible  root  cause  of  disagreement  may  be 
attributed  to  the  diversity  of  pyrolysis  apparatus.  In  fact,  the  history  of  PGC  appears  to  be  a 
continuing  search  for  the  ultimate  pyrolysis  unit  that  will  provide  reproducible  results  from 
one  laboratory  to  another.  Nevertheless,  the  technique  is  extremely  useful  when  a  reference 
library  of  pyrograms  is  produced  within  the  laboratory  using  identical  pyrolysis  and  GC 
operating  conditions  for  standard  and  sample  analyses. 

Several  years  ago,  a  report  was  published10  which  described  in  detail  the  application  of  the 
combined  technology  (e.g.,  pyrolysis  gas  liquid-phase  chromatography)  in  defining  elastomer 
vulcanizate  compositions.  The  objective  in  this  report  is  to  provide  a  follow-on  investigation 
using  an  improved  detection-capability  with  greater  resolution.  As  in  the  previous  study,  the 
most  commonly  used  elastomer  types  were  analyzed  by  this  improved  technique,  and  practical 
applications  revealing  the  utility  of  this  methodology  are  demonstrated.  The  individual 
materials  were  pyrolyzed  and  their  “fingerprint”  pyrograms  were  developed.  These,  in  turn, 
were  then  compared  with  pyrograms  developed  using  reference  elastomer  vulcanizates  of 
known  compositions.  To  illustrate  this  point.  Figure  1  identifies  the  predominant  peak  loca¬ 
tions  on  reference  pyrograms  developed  from  several  commonly-used  elastomeric  vulcanizates. 
Additional  details  on  the  procedures  employed  and  examples  of  their  applications  will  be 
presented. 

II.  DETAILS  OF  TEST 

A  Hewlett  Packard  Gas  Chromatograph,  Model  5834A,  with  a  pyrolysis  unit  (Pyroprobe 
18580A)  was  used  for  this  test.  The  column  used  was  an  18-ft  by  1/8-in.  stainless  steel  with  20 
percent  DC  11  on  Chromasorb  W  (60-80  mesh).  To  obtain  good  reproducibility  and  repeatabili¬ 
ty,  it  is  critical  that  the  sample  size  be  consistently  0.0004  ±  0.00005  g. 

^  E*po*ito.  Gfor)ff  and  Jamison,  Robert.  Characterization  of  Elastomeric  Material*  Used  in  Automotive  Brake  and  Cooling  System*  l»v 
Pyrolytic  Ca»  Chromatography.  (XX  Report  No.  309.  July  1972. 
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Predominant  peak  identifies  from  pyrolytic  gas— liquid  phase  chromatography  using  a  flame. 


The  conditions  for  operation  of  the  gas  chromatograph  are: 

Initial  Temperature:  50°  C. 

Rate:  6°/min. 

Final  Temperature:  250°  C. 

Injection  Temperature:  250°  C. 

Flame  Ionization  Detector  Temperature:  225°  C. 

Chart  Speed:  10. 

Attenuation:  10. 

Helium  Flow:  30  nd/min. 

The  pyroprobe  conditions  are  as  follows: 

Interface  Temperature:  225°  C. 

Interval:  10  s. 

Final  Temperature:  950°  C. 

Element  Type:  Quartz  Tube  with  Coil  Heaters. 

A  thin  slice  of  elastomer  sample  weighing  0,4  ±  0.05  mg  is  placed  in  the  quartz  tube  of  the 
pyrolyzer  probe  which  is  inserted  into  the  injection  port  of  the  chromatograph.  The  automated 
pyrolysis  cycle  and  temperature-programming  mechanism  are  engaged,  and  the  chromatogram 
is  developed  using  the  operating  conditions  described  above. 

III.  RESULTS  OF  TESTS 

A  series  of  nitrile  elastomers  which  are  copolymers  of  butadiene  and  acrylonitrile  containing 
differing  amounts  of  acrylonitrile  were  run  in  order  to  determine  if  the  various  grades  could  be 
identified.  The  identification  was  achieved  by  using  the  retention  time  (tr)  of  2.96  min  ( ±  5 
percent)  and  measuring  the  peak  height.  It  is  evident  that  with  increased  amounts  of 
acrylonitrile  in  the  elastomer  there  is  an  increase  in  peak  height  (all  except  the  44  percent  as 
shown  in  the  table). 

Known  Nitrile  Elastomers  Versus  Peak  Height 

Peak  Height  in  mm 


Nitriles 


Known 


A  formulated  standard  nitrile  elastomer  compound  known  as  Standard  Rubber  “L”  is  used 
in  fluid  testing  and  is  specified  in  Mil-Specs  MIL-H-5606,  “  MIL-H-6083,12  MIL-H-46170,'3 
and  MIL-H-83282.14  This  pyrogram  (Figure  2)  was  also  used  as  the  standard  comparison  for 
the  identification  of  Greentweed  No.  964  (Figure  3),  Parkers  No.  N  756  (Figure  4),  and  Parkers 
No.  N  304  (Figure  5),  all  of  which  are  commercial  nitrile  elastomers  that  are  used  in  the  M-140 
Gun  Mount  System,  and  the  M-60  and  M-l  tank  hydraulic  systems.  Since  field  problems  con¬ 
sisted  of  leaks  in  the  gun  mount  system,  the  knowledge  of  whether  or  not  the  elastomer  was 
formulated  to  the  standard  was  required. 

It  was  found  that  the  free  seal,  T-seal,  and  quadring  were  all  Greentweed  No.  964.  The  other 
two  types  of  elastomers  in  the  gun  mount  were  Parker  Nos.  N-756  and  N-304.  These  two  types 
of  elastomers  have  significant  main  peaks  as  shown  in  Figures  3  and  4.  The  two  hoses  were 
also  run,  and  the  1%-in.  diameter  was  Butyl  “N”  (Figure  6),  and  the  1-in.  diameter  was  teflon 
lined  (Figure  7). 

The  investigation  of  Greentweed  materials  and  Parker  Nos.  N  304  and  N  756  were  necessary 
in  view  of  research  and  development  involvement  in  development  of  the  new  non-flammable 
hydraulic  fluid.  The  basic  reason  is  that,  since  the  new  non-flammable  hydraulic  fluid  will  be 
used  in  the  same  system,  these  elastomers  were  ehecked  to  see  if  they  would  be  compatible.  The 
turret  and  gun  control  system  elastomers  used  in  the  M-48  and  M-60  series  tanks  such  as  the 
quadrings.  Part  Nos.  347-815  and  347-815-R-16,  and  “O”  Ring  Part  No.  347-815-L-03,  were 
all  Greentweed  No.  964  compound.  The  seal  used  with  the  piston  rod  wiper.  Part  No. 
347-8 15-C1M-X 1-500033,  was  Greentweed  No.  160.  The  hydraulic  motor  seal.  Part  No. 
10923453,  was  Greentweed  No.  964.  The  two  “O”  ring  packings  used  in  the  M-l  tank 
hydraulic  system.  Part  Nos.  M83248/1-908  and  M83248/1-916,  were  both  Viton  Rubber. 

This  investigation  included  Greentweed  Nos.  GT  160  and  GT  964  and  Parker  Nos.  N  304 
and  N  756  elastomers,  since  these  elastomers  are  used  extensively  in  the  M-60,  M-48,  and  M-l 
tank  hydraulic  systems  and  gun  mounts.  Results  of  this  investigation  are  directly  related  to  the 
non-flammable  Hydraulic  Fluid  Research  and  Development  program  and  will  be  utilized  as  a 
tool  for  identification  purposes  in  the  program. 

**  Mil-Spec  MIL-H-5606.  Hydraulic  Fluid  Petroleum  Base;  Aircraft  Missile,  and  Ordnance,  29  August  1980. 

Mil-Spec  MIL-H-6083.  Hydraulic  Fluid,  Petroleum  Base.  For  Prenerration  and  Operation,  28  September  1973. 

*■*  Mil-Spec  MIL-H-46I79.  Hydraulic  Fluid.  Rust  Inhibited.  Fire-Resistant.  Synthetic  Hydrocarbon  Base.  18  August  1982. 

Mil-Spec  MIL-H-83282.  Hydraulic  Fluid  Fire  Resistant.  Synthetic  Hydrocarbon  Base,  Airrraft,  10  February  1982. 
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IV.  DISCUSSION  AND  CONCLUSIONS 


From  the  results  of  this  study,  careful  examination  of  the  various  pyrograms  shows  that  it  is 
possible  to  identify  the  different  elastomers  by  class.  Only  a  few  examples  were  used  to  il¬ 
lustrate  applications  of  the  proposed  procedure.  However,  the  method  has  broad  application  to 
a  wide  range  of  elastomeric  materials.  The  automotive  industry,  out  of  necessity,  utilizes  a 
large  variety  of  different  types  of  elastomers  having  diverse  chemical  and  physical  properties, 
such  as  flame,  chemical,  cold,  steam,  tear,  and  abrasion  resistance.  The  specificity  of  some 
elastomers  for  certain  application  cannot  be  overstressed,  for  it  is  the  narrow  range  of 
usefulness  of  many  elastomers  that  imposes  the  need  for  rigid  quality  control.  Accordingly, 
elastomers  used  in  other  materials  of  interest  to  the  military  (e.g.,  gas  masks,  wearing  apparel, 
fuel  tanks,  balloons,  recoil  system  of  gun  mounts,  etc.)  must  conform  to  definite  chemical 
types,  in  order  to  impart  the  desired  performance  characteristics  to  the  final  product.  Pyrolytic 
gas  chromatography  has  the  potential  for  characterizing  the  elastomeric  composition  of  most 
elastomer  stocks  and  synthetic  and/or  natural  rubber  in  manufactured  products  such  as  those 
described  above. 

The  materials  tested  contained  pigments  and  fillers  that  form  a  residue  when  the  elastomer 
products  were  pyrolyzed.  Although  the  pyrolysis  reaction  was  not  affected  by  the  quantity  and 
amount  of  pigment  in  each  sample,  an  accumulation  of  residue  from  repetitive  analyses  caused 
polar  decomposition  products  to  be  adsorbed  producing  asymmetric  peaks  on  the 
chromatograms.  To  maximize  the  reproducibility  and  accuracy  of  the  method,  the  injection 
port  liner  should  be  removed  and  cleaned  after  approximately  ten  analyses. 

The  procedure  described  in  this  report  should  help  expand  the  testing  capability  of  this 
laboratory  (Fuels  &  Lubricants)  by  providing  an  accurate  and  rapid  method  for  the 
characterization  of  elastomers.  It  can  be  used  in  composition/performance  investigations  and 
as  a  diagnostic  tool  for  trouble-shooting  field  problems.  Other  factors  that  warrant  future  con¬ 
sideration  are: 

(1)  The  improvement  of  interlaboratory  reproducibility. 

(2)  The  improvement  of  quantitative  analysis. 

(3)  A  method  for  distinguishing  between  copolymers  and  physical  blends  of  elastomers. 


(4)  A  computer. 


One  approach  to  the  analysis  of  the  data  generated  hy  this  technique  involves  the  use  of  a 
computer  to  search  for  representative  [>eaks  which  can  he  used  to  identify  particular  types  of 
elastomers.  This  system  will.  then,  automate  the  data  analysis  function  hy  selecting  unique 
peaks  or  groups  of  peaks  for  compound  identification.  This  approach  will  not  onlv  substan¬ 
tially  decrease  the  time  required  for  interpretation  hut  w  ill  increase  the  accuracy  of  this  pro¬ 
cess.  Once  an  elastomer  is  chromatographed,  its  pyrogram  can  l>e  stored  for  future  com¬ 
parisons,  and  this  will  allow  routine  analysis  of  elastomers,  even  from  field  samples  or  from 
samples  for  which  there  is  little  or  no  other  information  concerning  its  origin. 


14 


No.  Copies 


DISTRIBUTION  FOR  MERADCOM  REPORT  2383 


Addressee 


No.  Copies  Addressee 


Department  of  Defense 

1  Director.  Technical  Information 

Defense  Advanced  Research 
Projects  Agency 
1400  Wilson  Blvd 
Arlington,  VA  22209 

1  Director 

Defense  Nuclear  Agency 
ATTN:  T1TL 
Washington.  DC  20305 

12  Defense  Technical  Information  Ctr 

Cameron  Station 
Alexandria,  VA  22314 

Department  of  the  Army 

3  CDR 

U  US  Army  Materiel  Development 

and  Readiness  Command 
ATTN:  DRCLD 
ATTN:  DRCQA-E 
ATTN.  DRCDE-SS 
5001  Eisenhower  Ave 
Alexandria,  VA  22333 

4  CDR 

US  Army  Tank-Automotive  Cmd 
ATTN:  DRSTA-RG  (Mr.  W.  Wheelock) 
ATTN:  DRSTA-G 
ATTN:  DRSTA-M 

ATTN:  DRSTA-G  BP  (Mr.McCartney) 
Warren,  MI  48090 

1  Director 

US  Army  Aviation  Research  and 
Technology  Labs  (AVRADCOM) 
ATTN:  DAVDL-AS  (Mr.  Wilstead) 
NASA/Ames  Research  Center 
Mail  Stop  207-5 
Moffitt  Field,  CA  94035 


1  Director 

Applied  Technology  Lab 
US  Army  Research  &  Technology  Labs 
(AVRADCOM) 

ATTN:  DAVDL-ATL-ASV  (Mr.  Carper) 

Fort  Eustis,  VA  23604 

1  Director 
Propulsion  Laboratory 

US  Army  Reserach  &  Technology  Labs 
(AVRADCOM) 

ATTN:  DAVDL-PL-D  (Mr.  Acurio) 

21000  Brookpark  Rd 
Cleveland,  OH  44135 

2  CDR 

US  Army  Natick  Research  and  Dev  Labs 

ATTN:  DRDNA-YE  (Dr.  Kaplan) 

ATTN:  DRDNA-U 
Natick,  MA  01760 

1  HQ,  US  Army  Armament  R&D  Cmd 
ATTN:  DRDAR-QA 

Dover,  NJ  07801 

2  Director 

US  Army  Armament  R&D  Command 
Ballistic  Research  Laboratory 
ATTN:  DRDAR-BLV 
ATTN:  DRDAR-BLI 
Aberdeen  Proving  Ground,  MD 
21005 

1  Director 

US  Army  Materiel  Systems  Analysis 
Agency 

ATTN:  DRXSY-CM 
Aberdeen  Proving  Ground,  MD 
21005 

3  CDR 

US  Army  Reserach  Office 
ATTN:  DRXRO-ZC 

ATTN:  DRXRO-EG  (Dr.  Singleton/Dr.  Mann) 
ATTN:  DRXRO-CB  (Dr.  Ghirardelli) 

P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 


15 


No.  Copies  Addressee 


No.  Copies 


Addressee 


i 


1  CDR 

Tobyhanna  Army  Depot 
ATTN:  SDSTO-TP-S 
Tobyhanna,  PA  18466 

1  Dir 

US  Army  Materials  &  Mechanics 
Research  Center 
ATTN:  DRXMR-M 
Watertown.  M A  02172 

2  CDR 

US  Army  Foreign  Science  and 
Technology  Center 
ATTN:  DRXST-MT 
ATTN:  DRXST  BA 
Federal  Building 
Charlottesville,  V A  22901 

1  CDR 

DARCOM  Materiel  Readiness 
Support  Activity  (MSRA) 

ATTN:  DRXMD-MD 
Lexington,  KY  40511 

1  CDR 

US  Army  LEA 
ATTN:  DALO-LEP 
New  Cumberland  Army  Depot 
New  Cumberland,  PA  17070 

2  HQ,  US  Army  T roop  Support 

and  Aviation  Material  Readiness 
Command 

ATTN:  DRSTS-MEG  (2) 

ATTN:  DRSTS-S 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 

2  CDR 

US  Army  General  Material  and 
Petroleum  Activity 
ATTN:  STSGP-F 

ATTN:  STSGP-PE  (Mr.  McKnight), 
Bldg  85-3 

New  Cumberland  Army  Depot 
New  Cumberland,  PA  17070 


1  CDR 

US  Army  General  Material  and 
Petroleum  Activity 
ATTN:  STSGP-PW  (Mr.  Price) 

Bldg  247,  Defense  Depot  Tracy 
Tracy. CA  95376 

1  CDR 

US  Army  Materiel  Armament 
Readiness  Command 
ATTN:  DRSAR  LLM 
Rock  Island  Arsenal.  1L  61299 

I  CDR 

US  Army  Cold  Region  Test  Center 
ATTN:  STECR-TA 
APO  Seattle  98733 

1  CDR 

US  Army  Research  and  Standardization 
Group  (Europe) 

ATTN:  DRXSN  UK  RA 
Box  65 

FPO  New  York  09510 
1  CDR 

US  Army  Yuma  Proving  Ground 
ATTN:  STEYP-MT  (Mr.  Doebbler) 
Yuma.  AZ  85364 

1  CDR 

Theater  Army  Materiel  Mgmt  Center 
(200th) 

Directorate  for  Petrol  Mgmt 
ATTN:  AEAGD-MM  PT-Q 
Zweinbrucken 
APO  NY  09052 

1  Department  of  the  Army 

Construction  Engineering  Research 
Laboratory 
ATTN:  CERL-EM 
P.0.  Box  4005 
Champaign,  1L  61820 


16 


Addressee 


No.  Copies  Addressee 


No.  Copies 
1 


1 


2 


1 


1 


3 

25 

3 

3 

22 

1 

1 

1 


Proj  Mgj,  Abrams  Tank  System, 
DARCOM 

ATTN:  DRCPM-GCM-S 
Warren,  MI  48090 

Proj  Mgr,  M6Q  Tank  Development 
ATTN:  DRCPM-M60-E 
Warren,  MI  48090 

COR 

US  Army  Quartermaster  School 
ATTN:  ATSM-TD 
ATTN:  ATSM-DTP 
Fort  Lee,  VA  23801 

MERADCOM 


1  CDR 

Naval  Air  Propulsion  Center 
ATTN:  PE-72  (Mr.  D’Orazio) 
P.O.Box  7176 
Trenton,  NJ  06828 

1  CDR 

Naval  Sea  Systems  Command 
ATTN:  Code  05D4  (Mr.  Layne) 
Washington,  DC  20362 

1  CDR 

David  Taylor  Naval  Ship  Research 
and  Development  Center 
Code:  2830  (Mr.  Bosmajian) 
Annapolis,  MD  21402 


Commander,  DRDME-Z  ] 

Tech  Dir,  DRDME-ZT 

Assoc  Tech  Dir,  DRDME-H 

Chief  Engineer,  DRDME-HE 

Chief  Scientist,  DRDME-HS 

Program  Planning,  DRDME-HP 

Program  Support,  DRDME-HR  1 

Systems  Analysis,  DRDME-HA 

CIRCULATE 

C,  Combined  Arms  Sup  Lab, 

DRDME-X  1 

C,  Engr  Sup  Lab,  DRDME-N 
C,  Engr  Svc  Sup  Lab,  DRDME-E 
C,  Logistics  Sup  Lab,  DRDME-G 
C,  Matl,  Fuels, &  Lubricants  Lab, 

DRDME-V 

Dir,  Product  A&T  Dir,  DRDME-T  2 

CIRCULATE 

Matls,  Fuels,  &  Lubricants  Lab, 

DRDME-V 

2Fuels  &  Lubriaants  Div,  DRDME-VF 
Tech  Reports  Ofc,  DRDME-WP  2 

Security  Ofc  (for  liaison  officers), 

DRDME-S 

Tech  Lib,  DRDME-WC 
Program  Support,  DRDME-HR 
Pub  Affairs  Ofc.  DRDME-1 
Ofc  of  Chief  Counsel,  DRDME-L 


CDR 

Naval  Facilities  Engr  Center 
ATTN:  Code  120  (Mr.  Burris) 

200  Stovall  Street 
Alexandria,  VA  22322 

Joint  Oil  Analysis-Tech  Sup  Ctr 
Bldg  780 
Naval  Air  Station 
Pensacola,  FL  32508 

CDR 

Naval  Materiel  Command 
ATTN:  MAT-08E  (Mr.  Ziem) 

CP6,  Room  606 
Washington.  DC  20360 

CDR 

Naval  Research  Laboratory 
ATTN:  Code  6170  (Mr.  Ravner) 
ATTN:  Code  ol80 
Washington,  DC  20375 

CDR 

Naval  Air  Systems  Command 
ATTN:  Code  5304C1  (Mr.  Weinberg) 
ATTN:  Code  53645  (Mr.  Mearns) 
Washington,  DC  20361 


17 


No.  Copies  Addressee 


1 


CDR 

Naval  Air  Development  Center 
ATTN:  Code  60612  (Mr.  Stallings) 
Warminster.  PA  18974 

Department  of  the  Air  Force 

CDR 

US  Air  Force  Wright  Aeronautical 
Laboratory 

ATTN:  AFWAL/POSL  (Mr.  Jones) 
ATTN:  AFWAL/MLSE  (Mr.  Morris) 
Wright -Patterson  AFB.  OH  45433 

CDR 

San  Antonio  Air  Logistics  Center 
ATTN:  SAALC/SFT  (Mr.  Makris) 
Kelly  Air  Force  Base,  TX  78241 

CDR 

Warner  Robins  Air  Logistic  Center 
ATTN:  WR-ALC/MMIRAB-1 
(Mr.  Graham) 

Robins  Air  Force  Base.  G A  31098 


